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Abstract 

The experimental procedure t o  be used t o  s+i&r the efFects of electron 
i r r ad ia t ion  on surface propert ies  of qemaniwn and s i l i con  are described. 
The fabr ica t ion  procedures for making p-n alloy junctions on n and n G e  
and n and D S i  of vmious r e s i s t i v i t i e s  are presented. 
spec t r a l  response and i - V  curves of tfiese Si  and Se cells are ziven and 
compared t o  theory. 

Photovoltaic 

I. Introduction 

Ionizing radiat ion,  i.e. electrons,  protons, gamma rays, u l t r av io l e t  
l i g h t  etc., are known t o  cause changes i n  the  surface properties of s e m i -  
conductors. 
investiEation. It is known, for example, t h a t ,  whenever one is studying, t h e  
effects of fast electrons which are capable of producing bulk danage i n  the  
semiconductor, cer ta in  changes which sa tura te  with time m a y  occur during the  
i n i t i a l  p a r t s  of the i r radiat ion.  

These effects have not,  however, been subjected t o  any intensive 

Early experiments a t  Brown University (reported a t  the  Fourth Photo- 
vo l t a i c  Spec ia l i s t s  Conference, Cleveland, 
s i l i con  s o l a r  cells exhibited such "saturab1e"effects when they w e r e  subjected 
t o  electrons whose energy was of the  order of l O O K e V  i n  vacuw. 
fur ther  es tabl ished t h s t  the changes i f  they are t o  be a t t r ibu ted  t o  surface 
effects w e r e  such t h a t  one would conclude t h a t  t he  surface recmbination 
veloci ty  s of an n/p ce l l  deczased while t h a t  of a q/n cell increased 
when the  cells w e r e  exposed t o  such radiation. 
permitted t h e  se t t i ng  of liaits on t5e ma,mitudes of these chanqes encountered 
i n  these cells. It appear& th3 t  a chas of s by a factar less than 10 
was s u f f i c i e n t  t o  account f o r  the  observed effects. 
however, t h a t  the commercial solar cell w a s  far from an i d e a l  s t r u c t u r e  for 
studying the  surface effects of radiation. Sur& cells are made by diffusinp 
an impurity i n t o  a c r y s t a l  substrate.  
impurity is known only very approximately. Furthermore, it is l ike ly  t h a t  
the  characteristics w i l l  vary from cell t o  cell  i n  some uncontrolled way. 

Ohio June 1964) showed t h a t  

It w a s  

Analysis of t h e  r e s u l t s  

I t  w a s  recocgnized, 

The surface concentration of the  

In another set of experiments at Brown, t h i s  time on Zerman iu rn ,  it w a s  
found t h a t  very large changes (factors of f i f t y )  i n  the  response of photo- 
vo l ta ic  cells t o  shor t  wavelength radiation w e r e  observed when a gerinanium 
a l loy  junction photocell  w a s  exposed t o  i r r ad ia t ion  by electrons whose energy 
was too  l o w  t o  produce bulk damage. 
sense t h a t  the  response could be cycled between t w o  values es tabl ished by 
i r r ad ia t ing  the  cell u n t i l  the  effect saturated or l e t t i n g  the cell rest i n  
vacuum for a few hours. Such reversible behavior uas also observed i n  the 
s i l i con  solar cells. 

The effects w e r e  revers ible  in the  

The experiments whose status is described i n  t h i s  preliminary report 
w e r e  undertaken i n  order t o  explore t h i s  phenomenon, t o  explain it and 
perhaps t o  suggest ways of avoiding the degradation of charac te r i s t ics  
observed i n  some cases and of benefit t ing from the improvements of charact- 
eristics observed i n  others. 
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11. Description of the Experiment 
A. General 

The experimental technique h a s  been described in  previous publications 
and reports. 
parameters proportional t o  it 
wavelengths i n  a l loy  junctions of germanium and sil icon. 
on the  surface opposite t he  junction. 
wafer is approximately one diffusion length L so t ha t  carriers generated 
by st rongly absorbed l i g h t  have a high probabili ty of diffusing across the 
wafer t o  the junction where they are collected. 
absorbed l i g h t  should be used. 
current produced by weakly absorbed l igh t  is proportional t o  

Briefly it involves measuring the s h w t  c i r c u i t  current or 
produced by monochromatic l i q h t  of selected 

The l i z h t  is incident 
The thickness o f t h e  semiconductor 

Both penetrating and s t rongly 
The former serves as a control s ince t h e  photo- 

I s a L  

where a is the absorption constant and L is the diffusiop len.gth. 
experiments c i ted  above, two or  at m o s t  three distinct wavelengchs w e r e  
employed. In the experiments currently under way w e  are using comle te  
spec t r a l  response curves, which provide addi t ional  i n f o m a t i m  about t he  
behavior of these cells. 

In t h e  

The remainder of t h i s  report  w i l l  be devoted t o  a descr imion of the 
n- and  D-Ge procedure used in the  fabrication of alloy junctions i n  both 

and S i  
t o  about f i f t y  ohm-ca; t o  a discussion of the measured spec t r a l  response of 
these cells and t o  a description of the apparatus t o  be used in subsequent 
portions of t h i s  work. 

whose i n i t i a l  resistieties range from a fcw tenths of an ohnl-cm 

B. C e l l  Fabrication Procedure 
There were four r e s i s t i v i t y  rangesof n- Wd p 4 e  and four resist . i .vity 

ranges of n- and ?-Si used i n  the fzbrication of a l loy  junction photovoltaic 
cells. 
given by the  manufacturers, 
Sylvania w h i l e  the s i l i c o n  crys ta l s  were purchased f r o m  Texas Instruments,) 
The mater ia l  used f o r  forming al loy junctions and f o r  makinz ohmic 
t o  these various mzterials are l i s t e d  in  T a b l e  IIB-2. 

T a b l e  I I B - 1  gives d e t a i l s  of t h e  properties of these materials as 
(The germanium crystals w e r e  purchased from 

contacts 

Wafers w e r e  prepwed f r o m  G e  and S i  ingots by cu t t ing  O.03Stt  slices with 
a diamond saw. 
0.30"~ 0.035". These slices w e r e  lapped and polished according t o  the 
following procedure. 
1000 mesh carborundum 
each of t h e  two faces i n  t h i s  lapping op ra t ion .  
saqples w e r e  polished on a wheel i n  t h r e e  successive s tages  with polishing 
alumina whose pa r t i c l e  s h e s  w e r e  5.0, 0.3 and 0.05~ . 
attachment facilitate9 t h i s  stage of pe l le t  preparation. 
wafer w a s  polished to a mirror surface; t h i s  was the  surface i n t o  which 
alloying w a s  allowed t o  9roceed. The pellets w e r e  now cleaned by boi l ing 
successively i n  tr ichloroethylene and acetone, r ins ing  in  methanol and f ina l ly  
i n  deionized double d is t i l l ec!  water. The simples w e r e  then air dried. 

These w e r e  then made in to  p e l l e t s  of dimensims 0.30'' x 

They w e r e  first hmd lapped on a glass p la t e  with 
and d i s t i l l e d  water; about 0.004" w a s  removed from 

A f t e r  careful cleaning the  

A n  automatic polishing 
Only me s ide  of the 

The next s t e p  i n  wafer preparation involved etching. ..The Ge nellets 
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were etched i n  CP-4 for 30 seconds, washed i n  deionized twice d i s t i l l e d  water, 
and then dr ied  i n  air. 
(temperature 1OOOC) for 5 minutes, washed i n  deionized d i s t i l l e d  water. 
Another e t ch  (5 par t s  Si03 t o  3 parts tiF) w a s  also tried. 
faster than NaOH but  it leaves a surface with w e l l  defined e tch  p i t s  and it 
w a s  therefore abandoned. 

The S i  pellets w e r e  etched i n  hot HaW (30% solu t ion)  

This etch works 

The alloying furnace w a s  designed and constructed at  Brawn. It consis ts  
of a s t r i p  of mictmorne through which a la rge  ( tens  of  amperes) current is 
passed. 
two posts ins ide  a chamber through which hydrogen is dllowed t o  flaw. A low 
power, binocular microscope allows close observation of the  al loying process 
which is terminated when t h e  operator sees t h e  p e l l e t  'melting. 
I I B - 1  is a schematic diagram of the alloying oven. 

The heated s t r i p  (about 1/2" wide, 0.020" th i ck )  is swpor t ed  between 

Figure  

The pellets are held i n  a carbon j i g  which rests on the aichrome heater.  
Some pressure m u s t  be exerted on t h e  alloy material if eood junction fornation 
is desired. 
pressure and t o  homopnize the  tem?erature around the  samle .  
of s i l i con ,  the  a l loy  junctions and o b i c  contacts are fonned sinultaneously; 
t h i s  required a higher .nressure during a l loy inp  ?recess. 
IIB-3 show t h e  carbon jiss use2 for germanium m d  s i l i con  respectively.  

The carbon j i z  has a cover uhich serves t o  exer t  t h i s  s l iTh t  
In t h e  case 

Fizures IIB-2 an? 

The alloying of indium i n t o  n-Ge w a s  accomplished by r a i sh?  the  
temperature t o  3OOOC for one minute then heating t o  5OOOC holdinq the  maximum 
temperature for about 15 seconds. 
and smoothly f o r  t he  first 20OOC. 
t h i s  same time cycle but t h e  wetting temperature w a s  set at 45OOC and the 
al loying temperature w a s  6OOOC. 
w a s  6OOOC and t h e  alloying temperature w a s  750OC. 

The temperature was then lowered slowly 
The junction fornat ion i n  p-Ge followed 

For both n- and p-Si., t he  wetting temperature 

The ohmic contacts w e r e  made t o  Ge i n  a second step.  A Kovar ring w a s  
t h e  base f o r  t h e  contact. 
p-n junction w a s  placed i n  contact w i t h  t he  so lder  covered Kovar ring and the 
structuzle w a s  heated t o  3OOOC for 30 seconds. 

It w a s  covered with solder., t he  G e  wafer with 

The f inished G e  cells w e r e  than subjected t o  a final etch i n  CP-4 
(30 seconds) while t h e  S i  cells were etched i n  a solut ion containing 
"03, HF and CH3OOH in t he  r a t i o  5:3:1. 

The i-V charac te r i s t ics  of the ce l l s  w e r e  examined with the  help of 
a Tektronix 575 Curve Tracer. 
type, but  four good cells d id  not  always resu l t .  
what parameters were at  fault i n  t h e  cells which exhibited i n f e r i o r  i -V  
cha rac t e r i s t i c s  and photovoltaic character is t ics .  

Usually four cells w e r e  made on each r e s i s t i v i t y  
It  is d i f f i c u l t  t o  e s t ab l i sh  



Table I I B - 1  S t a r t i n g  material for fabr ica t ion  of Photovoltaic cells. 

1) N-Ge Zone l eve l l ed ,  Sb-doped, (1 l l )d i r ec t ion  

0.11-0.14 ohm-cm : dis loca t ion  dens i ty  590-3_,100 p i t s / &  
lifetime - 

1.10-1-30 ohm-cm : dis loca t ion  dens i ty  400-900 pits/cm2 
lifetime 30 ~t sec 

6.2-9.0 ohm-cm : dislocation dens i ty  900-1,400 p i t s / c d  
lifetime 90 v see 

22.0-30-0 ohm-em : dis loca t ion  dens i ty  700-1,400 p i t s / c s  
lifetime 200 psec 

2 )  P-Ge Zone l eve l l ed ,  (111) di rec t ion  - 
0.11-0.15 ohm-cm : In-doped 

d i s  loca t ion  dens i t y  5 0 0-1,800 p i t s  / c d  
lifetime - 

1.10-1.50 ohm-cm : In-doped 
dislocation dens i ty  700-1,200 pits/c?n2 
lifetime 30 p sec 

9.0-10.5 ohm-cm : Ga-doped 
dislocation dens i ty  400-900 pits/cm2 
f i f e t ime  90 p sec 

28.0-40.0 ohm-cm : Ga-doped 
dislocation dens i ty  2,000-3,700 pits/cm2 
lifetime 200 IJ sec 

3) - N-Si F loa t ing  zone, (lll) direc t ion ,  P-doped 

0.075-0.125 ohm-cm 

0.75-1.25 ohm-cm 

7.5-12.5 ohm-cm 

38-62 ohm-crn 

4) - P-Si Floating zone, (111) d i rec t ion ,  B-doped 

0.07-0.13 0 h m - a  

0.75-1.25 ohm-cm 

7.5-13 ohm-em 

38-62 ohm-cm 
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Tab le  IIB-2 Alloying snd Ohmic Contact flaterials 

Alloy Junction Materials (disc ?ia. :0.125"(px 0.010" t i l .  ) 

a) Pure In  discs (for l 4 - G ~ )  

c) 89% A 1  + 11% S i  d i sc s  (for N-Si) 

d)  99.5% Au + 0.5% Sb D i s c s  (for P-Si) 

Ohmic Contacts f4aterials 

1. Kovar rings---Electrode 

0.350" 0.D. x 0.234 I.D. x 0,010 t h i c k  

2. Solders (dia.: 0.08" x 0.04" x 0.01" th.) 

a) 97% Sn + 3% Sb (for N-Ge l  

b) 90% Pb + 10% Sn (for P-Ge) 

C) 99.5% A u  + 0.5% Sb ( f o r  N-Si) 

d)  89% A 1  + 11% S i  ( f o r  P-Si) 

3. Flux---ZnC12 so lu t lon  (for Gel 

(Note 1 
Alloy junction & ohmic contacts  materials were cleaned as follows: 

(1) Boil  i n  t r ich lore thylene  

(2) Boil  i n  acetone 

( 3 )  Rinse i n  methanol (2 times) 

(4) Rinse i n  double d i s t i l l e d  water ( 3  times) 

(5) Dry on a f i l t e r  paper and under an in-frared lamp 

( 6 )  Etch i n  HC1 for 1 minute 

(7) Rinse i n  d i s t i l l e d  water (3 t i m e s )  

(8) Dry on a f i l t e r  paper and under an i n f r a red  lamp 
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Figure Titles; Section IIB 

Figure IIB-1 Schematic diagram of the alloying equipment 

Figure IIB-2 J i g  for alloying Ge cells. 

F i v  IIB-3 Jig  for al loyhg S i  cells. 
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C. Measurement of Spectral  &s?onse and .i-V Characterist ics Before 
I r rad ia t ion  

The source of monochromatic l i g h t  w a s  a Bausch anc! Lonb grat ing 

The ac resbonse of t h i  cell w 2 s  measured by 

The slit width of the monochromator was 

monochromator f i t t e d  with f i l t e rs  t o  i so la te  t he  desired order. Both ac 
and dc measurements were made. 
a Hewlett-Packard A. C. X l l i v o l t i n e t e r  while t he  dc res?onse w a s  measured 
by a Keithley k!icrovoltmeter. 
adjusted for each cell  to such a value t h a t  t h e  maximum cel l  outbut d id  not 
exceed about 1 mV. 
t h e  open circuit voltape remains proportional t o  the  sho r t  c i r c u i t  current 
V, of t h e  cell. ( In  general, 

If the  output voltage is maintained a t  such a l a w  value, 

+ 1) 
kT Is 

In (7 vo, = - 
e 

where 
reverse current of the  junction. If 

Is is the light-eenerated shor t  circuit current and Io is t h e  

then 

- kT Is 
voc - . 

e IO 

Since kT I, 0.025V a t  300°K, 
e 

t he  condition 
A value of 1 mV was chosen as the upper bound on VOC t o  a s sum 
t h a t  t h i s  condition be m e t .  1 

Is/Io c 1 reduces t o  the  requirement t h a t  V,, c< 0.02SV. 

A sketch of the  experimentd arranzernent is  shown i n  Figure IIC-1. 
The frequency of the  modulated l i g h t  was a f e w  h u n d r d  cps.; it w a s  ke?t 
within the  range where the  response was independent of frequency. 
IIC-2 shows the  sQectral res?onse for n-Ge of various r e s i s t i v i t i e s  and 
Figure IIC-3 shows the  same s o r t  of data for p-Ge. These curves also show 
a vs A .  The 3enetration of the  l i gh t  can be taken to  be inversely 
proportional t o  a. 

Figure 

Figure I I C - 4  shows the  photovoltaic current-voltage charac te r i s t ics  
of p- and n-Ge c e l l s  exposed t o  both penetrating (1.82 microns) and s t rongly 
absorbed (1.05 aicrons) l igh t .  The i - V  curves w e r e  independent of A . 
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Figure I I C - 5  represents the spectral  response of n- and p-Si cells of 

strongly 
various r e s i s t i v i t i e s  srhile Figure IIC-6 shorn the  i - V  charac te r i s t ics  of 
these same cells exposed t o  e i t h e r  penetrating (i.15 micronsj or 
absorbed (1.00 micron ) l i 7 h t .  

The i - V  charac te r i s t ic  i s  recorded by coiinecting a variable resistame 
across t h e  i l lurnhated cell an0 measuring i L  and VL 2s the  resis tance is  varied. 
The equation obeyed by these curves (for an i d e a l  diode) is of course, 

e io 

kT 
i L  = is - ( ) V  

Their s lope yields  and me can therefore 
e io 

kT 

compute io. 
Tables I I C - 1  (Gel and I I C - 2  (Si). 

The values of io computed f r o m  these curves are given in  

D. Discussion of Photovoltaic Characteristics of the C e l l s .  
As w e  have already pointed out,  the  sho r t  wavelength response 

should 5e very sens i t i ve  t o  both the  surface reco&ination veloci ty  and t o  
the diffusion length of the  cells. 
should be i n  accordance with the  relat ion 

This de-pendence on diffusion length 

-aL i a e  

Since minority carrier lifetime ‘I and therefore diffusion lenyth L are 
larger i n  higher r e s i s t i v i t y  material  (as explained by the  Hall, Shockley- 
Reed theory of recombination a t  a single l eve l )  
t h a t  high P -Ge should have a proportionately m a t e r  shor t  wavelenqth 
response. This is borne out 3y the measurements on both n and D mater ia l  
(Fig. I I C - 2  and I I C - 3 ) .  The short navelenah response of all these &? cells 
is su f f i c i en t  t o  insure easv observation of chanqes i n  surface recombination 
velocity. As for io the values of io should be d i r ec t ly  proportional 
t o  the r e s i s t i v i t y  if the  surface plays no ro l e  i n  determininp 
I I C - 1  shows t h a t  while i o  increases with 0 i n  p-Ge it is cer ta in ly  not 
proportional t o  p . In n-Ge the lack of proportionali ty is even more 
evident. 
customarily encountered i n  commercial cells of comparable dimensions. 

it is reasonable t o  expect 

io. T a b l e  

However ,  i n  both cases t h e  values of io aze similar t o  those 

As for the  S i  cells, Figure I I C - 5  shows t h a t  they have very l i t t l e  
response i n  the  show uav,-lsngth rezion.This implies t h a t  e i t h e r  L is too 
l o w  i n  t h e  s t a r t i n g  n a t e r i a l  o r  else the surface recombination velocity 
of the  f inished cells is too high. The values of io given i n  Table I I C - 2  
are lower than those given f o r  Ge i n  Table I I C - 1  as indeed they should be 
since io is also proportional t o  
i n  i n t r i n s i c  material. 
average conmercial junctions of s imilar  dimensions. 

ni2 where n i  is the carrier concentration 

Che of the m o s t  s t r i k i n g  
Some of these values of io are again comparable t o  
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differences between Si and G e  is  the  much wider r a 7 e  OF value of io 
encountered i n  Si cells fabricated *mder w k t  were essent5ally i 4en t i ca l  
conditions. 
range (factors of more than 100) i n  the open c i r c u i t  voltawe of cells vane 
on wafers cut f r o m  the same S i  in.-ot. The reasons f o r  t h i s  va r i ab i l i t y  are 
present ly  under investigation. If they are a t t y i h t a b l e  t o  t h e  value of s 
on the  s i d e  opposite t h e  junction, i r rad ia t ion  -.ay s t a 3 i l i z e  the  surface a t  
some higher value than t h a t  acllieved by present atchioq tecfinicpes. 

Tne ?notovoltaic out-ut or' the  S i  cel is  also re r lec ted  a laroe 
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Table I I C - 1  I-!easured Slopes of i - V  Characteristics and Cornmte? Values of io 
€or the Germanium Cells 

Samples ?, =1.82~ 

n-Ge n 1" 
23-30 9 c m  ,v2** 

0.234 x l o 3  
0.210 x 103 

0.217 x 103 
o.ie9 x 103 

115.0 
132.0 

0.30 x 103 
0.21 x 103 

0.333 x l o 3  
0.230 x l o 3  

n-Ge nl" 
6.2-9.0 n2" 

83.0 
119.0 

76.0 
109.0 

0.455 x 103 
0.363 x l o 3  

55.0 
69.0 

54.0 
63.0 

1.82 x 103 n-Ge 111" 

o.ll-o.158cm?~2" 
13.7 

0.298 x l o 3  
0.370 x l o 3  

0.233 x l o 3  
0.32 x 103 

p-Ge n l "  

28-40 Rcm ~ 2 "  
107.0 

78.0 
W.0 
67.0 

0.426 x l o 3  
0.416 x l o 3  

p-Ge I? 119 

9.0-10.5 Qcmtr2" 
59.0 
60.0 

0.500 x l o 3  
0.500 x 103 

50.0 
50.0 

2.56 x 103 
2.57 x 103 

3.26 103 
3.35 x 103 

p-Ge Wl" 
1.1-1.5 Q c m  tt2" 

9.70 
9.70 

7.70 
7.80 

5.6 103 
8.6 x l a 3  

P-Ge t t l "  

0.11-0. lSl cm112" 
3.50 
2.48 

4.48 
2.91 
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Table IIC-2 ?dleasured Slopes of i - V  Charac ter i s t ics  and Canputed Values of io 
for t h e  S i l i con  Cells 

Samples Slope Io(pA) Samples Slope Io( UA 1 

1 
n-Si 2 
0.75-1.25 9cm 3 

n-Si 1 
7.5-12.5 9cm 2 

3 

1 
n-Si 2 
38-67 Qcm 3 

4 

1 
n-Si 2 
7.5-12.5 Qcm 3 
(RCA) 4 

20.0 103 

6.4 103 
2.20 103 
91.0 103 

11.8 x l o 3  
14.5 103 
59.0 103 

54.0 103 
77.0 103 

187.0 x 103 
335.0 x l o 3  

3.56 103 
8.0 103 
500.0 103 
4.8 103 

1.25 

3.90 
1.14 
0.28 

2.15 
1.72 
0.42 

0.46 
0.32 
0.14 
0.07 

7.00 
3.10 
0.05 
5.20 

p-Si 1 7.7 x 103 
0.75-1.25 Qcm 2 5 0 0 . 0 ~  l o 3  

p-Si 1 910.0~ 103 
7.0-13 ROI 2 1 6 0 0 . 0 ~ 1 0 ~  

1 400.0~ l o 3  
?-Si 2 3 1 . 0 ~  103 
38-62 QCRI 3 4 . E  x l o 3  

4 330.0~ l o 3  

3.25 
0.05 

0.027 
0.015 

0.062 
0. E l  
5.20 

0.076 
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Figure T i t l e s :  Section IIC 

Figure IIC-1 Block diagram of opto-electronic arrangement for measuring spec t r a l  
response. 

Figure IIC-2 Photovoltaic spec t r a l  response curves of cells made on n-Ge 
wafers of various i n i t i a l  r e s i s t i v i t i e s .  

Figure IIC-3 Photovoltaic snectral response curves of cells made on p-Ge 
wafers of various i n i t i a l  resistivities. 

Figure IIC-4 i - V  charac te r i s t ics  of n ;in6 p-Ge cells illuminated by yenetrating 
OF absorbed l igh t .  

Figure IIC-5 Photovoltaic spec t r a l  response curves of cells made on p- and 
n-Si of various r e s i s t i v i t i e s .  

F i q m  IIC-6 i - V  charac te r i s t ics  of Si cells illuminate6 by %netrat in? or 
absorbed l i g h t  . 
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E. Apparatus fo r  Irradiatim of Cells by Elsctrons 
In our earlier exFeriments an S i  so l a r  cells and on G e  alloy junction 

cells, attempts were made t o  keep t h e  vacuum charber i n  which the surface 
encountered the  e l ec tms  f ree  f r o m  organic vapors. 
w a s  accomplished by separating the i r rad ia t ion  chamber f r o m  the  machine vacuum 
by a O . 0 O l t t  A 1  window. 
o i l  diffusion pump f i t t e d  with a l iqu id  nitrogen coldtrap. Our concern with 
organic vapors stems fm t h e  f ac t  that electrons in t e rac t  with such vapors, 
Ocracktt them, and cause deposition of carbon on'the i r r ad ia t ed  surfaces. 
deposits could affect s. Our goal i n  t h i s  ~>ropam is t o  study the  effect of 
radiat ion on the  semiconductor surface indewndent of interference from such 
oreanic contaminants. Consequently, the f i rs t  i r r ad ia t ion  exoeriments w i l l  be . 
performed i n  a glass chamber evacuated by sorption p m s  and a Vac-Ion ouminp 
system. 
0.001" window as before. 
The samples w i l l  be kept at constant temperature by water cooling, 
f ive  cells w i l l  be i r rad ia ted  simultaneously. Sample holders are presently 
being assembled. 

In the  case of Si, t h i s  

The i r r ad ia t i aa  chamber was evacuated by a separate 

Such 

The i r rad ia t ion  chamber is separated from the  machine vacum by the  

A t  least 
The pumping system has been t e s t e d  and is functioninn. 

111. Conclusions 

1. About 24  Si al loy junctions have been fabricated on wafers of various 
r e s i s t i v i t i e s .  About 16 Ge al loy junctions have also been fahrlcated. 

2. 
constructed for a l l  of these cells. 
the computed io The spec t r a l  response curves of the  
G e  diodes show subs tan t ia l  short  wavelenflh response whereas the  response of 
S i  cells i s  confined t o  a narrow snectral  region around the  absorption edge. 

Preliminary photovoltaic spec t r a l  msponse and i - V  curves have been 
The i - V  curves behave generally as predicted; 

values could be lower. 

3. Apparatus f o r  i r rad ia t ion  has been desimed and is presently being 
assenbled, 


